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In a sweeping effort tc improve science education in 
Tennessee f a new curriculum framevorK was developed that mandated 
•'hands-on" experiences for students, beginning in kindergarten. To 
smooth out problems in elementary science instruction arising from 
the mandate, the Center of Excellence for the Enrichment of Science 
and Mathematics Education at the University of Tennessee i^t Martin 
developed training programs and materials. The teacher education 
program model, ca! ' ^^d the Elementary Science Education Institute 
(ESEI), included a four-member team training structure that was 
central to its success • The ESEI was a response to traditional 
problems in science education, including the lack of supportive 
administrators and science specialists in rural areas. Administrators 
and elementary teachers took part in the two-phase program, which 
consisted of intensive academic preparation for nine four-member 
teams, and in-service field training carried out by the teams in 
trieir schools and surrounding districts. Science academicians and 
educators provided the initial instruction* Use of tne moflel pronii'-^-i 
favorable changes in science conLent mastery, attitudes toward 
science, computer literacy, knowledge of che "hands-on" approach, and 
achievement by the teams' elementary students. Through their 
participation, ESEI teachers, principals, and superintendents assumed 
leadership rc ?s. Also, public awareness and support for elementary 
science education were among the most important benefits the model 
produced* (TES) 
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Intr o duction 

The need for improvement of science education is a major 
national issue {National Commission on Excellence in Education, 
1983 There is intense pressure for reform, and existing 
curricula and instruction have been declared largely inadequate 
CHurd, 1986). The problem was recognized as especially severe in 
elementary education more than a decade ago (National Science 
Foundation, 1978). Stake and Easley (1978) concluded that few 
students were likely to experience even one year of substantial 
science instruction from kindergarten through the sixth grade. 
Five years later, Mechling and Oliver (1983) noted that most of 
the nation's schools still lacked an adequate elementary science 
program. Many elementary teachers feel unqualified to teach 
science and devote little or no time to it (National Science 
Teachers Association, 1983). Without substantial reforms, most 
of the nation's youth will be deprived of systematic science 
instruction during the formative elementary years when they may 
benefit most from the learning processes and thinking skills 
promoted by science study. 

^ B asis fo r Reform 

Children are naturally inquisitive, and most students enter 
their first formal science study ^ith many ideas that were devel- 
oped in an effort to make sense of day-to-day observations of 
natural phenomena in early childhood (Driver, 1983). Scientifi- 
cally sound ideas of this nature constitute a basis for further 
science education, but research in cognitive psychology by Driver 
(1983), McCloskey (1983), and others indicated that many of the 
more common preconceptions are actually misperceptions based on 
perceptual illusions, intuition, naive inferences, incorrect 
logic, or simple misinformation. For example, when a child 
gives a toy truck a push and it continues to roll across the 
floor, the child may intuitively conclude that the toy continues 
to roll because a causal force was somehow imparted to the toy by 
the pusher. This is an intelligent, logically conceived conclu- 
sion that may be reinforced by repeated observations over the 
years, but it in incompatible with the principles of modern 
Newtonian mechanics. 



When such a notion has supplied a satisfactory explanation 
of personal experiences over a long period of timer Clement 
(1982) observed, it may not be easily displaced by subsequent 
science instruction. Rather, when a more adequate concept is 
encountered in the classroom, it may be disregarded or '*more 
likely . . . misperceived or distorted by students so as to fit 
their existing preconceptions" (p. 70). Some of the more common 
ni spercept ions about the relation of force and motion become so 
deeply entrenched among students, he noted, that they persist 
through college training, even among the majority of science and 
engineering students. This represents a major threat to science 
education at a time when the average citizen is increasingly 
dependent upon a basic understanding of science for living, 
learning, working, and decision-making. An effective prograu of 
science instruction beginning in kindergarten, before the common 
mi spercept ions become deeply entrenched, would help to counter 
that threat by providing a sound basis for later science study. 

^ Response to Th e Challen ge 

In a sweeping effort to improve science instruction in 
Tennessee, tne State Board of Education developed a new science 
curriculum framework that mandated a "hands-on science" instruc- 
tional approach for all grades from kindergarten through high 
school. The Board further required that sufficient time must be 
given to science instruction to teach the required objectives for 
each grade. This generated concern among school officials for 
several reasons. For example, no elementary science text was 
found that adequately addressed the objectives of Tennessee's new 
science curriculum (Field, 1988). In addition, few elementary 
teachers were comfortable with "hands-on-science** instruction, 
which was very different from the way they themselves had been 
taught science in high school and college {Prather, Hartshorn, 
and *lcCreight, 1988). 

To help overcome those problems, the Center of Excellence 
for the Enrichment of Science and Mathematics Education (CEESME) 
at the (Jniversity of Tennessee at Martin, developed a seven 
volume Scie nce Activ itie s Manual K-6 that was correlated to the 
instructional objectives of the state science curriculum guide. 
The manual, which was written with the cooperation of twenty-four 
elementary science teachers, was specifically designed for use in 
"hands-on-science" teaching. Still, many teachers attempted to 
employ it in terms of the traditional, student-passive instruc- 
tion that characterized most of the science instruction they 
themselves had received. It soon became obvious that additional 
training in the use of concrete manioulati ves in science instruc- 
tion would be required for most inservice teachers to make the 
transition to that mode of teaching. 

To help teachers make that transition, the CEESME developed 
a research-based teacher education program that included a unique 
combination of content instruction, field activities, and team 
leadership training that addressed the mandate of "hands-on- 
science'* instruction. The resultant program model, called the 
Elementary Science Education Institute (ESEI), is presented in 
Figure 1, which shows the four-member team structure that was 
central to its success. 
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Jus tir icati on of the Concept 

Over the past three decades, billions of dollars have been 
spent for improving pre-college science instruction, generally 
with very disappointing results (Yager, 1981). The problem was 
attributed to a variety of things, including ineffective teacher 
training. Some educators began to suspect, however, that some- 
thing other than teacher preparation was involved. 

Several studies indicated that the problem was a lack of 
local support for educational ret orm because of a basic lack of 
understanding of science and the resources needed for effective 
science instruction. For example, the support of the building 
principal was found to be critical to the success of any school 
program; but "many principals feel uncomfortable, even inade- 
quate, with science. . . While many principals want to improve 
science in their schools' curriculum, they wonder how and where 
to begin" (Mechling and Oliver, 1982, p. 4). In another study, 
Rutherford (1985) concluded that "When the principals had visions 
for the future of their schools, the teachers described those 
schools as good places for students and for teachers'* (p. 32). 
The CEESME staff speculated that including the building principal 
with elementary classroom teachers in a science training program 
would culminate in a shared vision for enriching science in their 
schools. 

Further research revealed that whereas large school systems 
generally have science specialists to provide leadership in 
facilitating educational reform, most rural and small school 
systems do not. It therefore appeared equally important that the 
system supervisor of instruction also participate in the program 
to insure an understanding of the nature and needs of science 
education within that dimension of the administrative structure. 

Consideration of these factors resulted in a project for 
local team leadership development. The project was based on the 
presupposition that enrichment of science education in rural and 
small school systems would require that both the instructional 
and the administrative skills needed for reform be developed 
simultaneously. This could be accomplished within the existing 
educational structure through joint training of local teams of 
elementary teachers, principals, and supervisors of instruction. 

Besides some of the obvious challenges of jointly training 
teachers and administrators in a new educational approach, there 
was the immediate concern of a shortage of elementary science 
teachers. A synthesis of research and evaluation in science and 
mathematics education by the U. S. General Accounting Office 
(GAD) indicated that retraining teachers from other subjects was 
a viable approach to overcoming the immediate teacher shortage in 
the fields of science and mathematics. The GAO (1984) report 
also indicated that ^retraining programs sponsored by state 
education agencies (SEA's) and local education agencies (LEA's) 
tend to have higher retention rates than universi y programs" (p. 
iii). This was attributable in part to the fart that most SEA 
and LEA programs "are offered at little or no cost to partici- 
pants" (p. 52). From this, the CEESME concluded that the program 
should concentrate on enrichment training of existing elementary 
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teachers who are interested in teaching science. It was also 
determined that the program sho'^ld be offered tuition-free. 

Review of the research on science education and an assess- 
ment of the needs of teachers in the UTM service area indicated 
that the project should consist of two parts s 1) an Elementary 
Science Education Institute (ESEI), providing intensive academic 
preparation for the participating teams? and 2) a Field Phase, to 
be carried out by the teams in their school systems and surround- 
ing school districts during the following year. A support system 
was planned to nurture the teams' efforts throughout the year. 

Approximately 240 hours of instruction was required. To 
accomplish this in a manner compatible with the need for prompt 
training of in-service elementary science teachers would require 
a relatively short, intensive program schedule. The GAO (1984) 
report, however, indicated that "in the absence of substantial 
scholarship and subsistence payments, short and intensive pro- 
grams seem to attract few students" (p. 56). To help attract 
participants, a per diem of $40 was proposed, and an honorarium 
of $2000 and fifteen (15) quarter-hours of tuition-free graduate 
academic credit were also provided to those who successfully 
completed the academic training. 

Applicati on of the Model 

The Elementary Science Education Institute was funded by the 
National Science Foundation (NSF) and the Tennessee Higher Educa- 
tion Commission (THEC), and nine four-member teams were recruited 
from geographically dispersed rural school systems. As indicated 
in Figure 1, each team consisted of a primary (grades K-3) and an 
intermediate (grades 4-6) teacher, their principal, and their 
system's supervisor of instruction or other official responsible 
for supervising elementary science instruction. Grant funds 
provided for employment of three exemplary elementary science 
teachers to serve as field supervisors and assist the CEESME 
staff in coordinating a support system for local team activities. 
The field supervisors received the same academic training as the 
team members, making a total of 39 participants. The grant pro- 
vided for three project cycles for a total of 27 teams, with one 
cycle per year scheduled for 1987, 1988, and 1989. 

The first Institute began on February 7, 1987; and the aca- 
demic program extended through June. Minority participation was 
18%. At the UTM campus, 240 hours of instruction were provided 
in the content areas indicated on Figure 1. Each team also was 
required plan a one-year practicum, or field project, for the 
improvement of elementary science instruction based on indepen- 
dent, on-site research. Science academicians and educators 
provided instruction on science content, curriculum, and instruc- 
tional methods. To introduce the "hands-on-science" teaching 
strategy, authors of the Science Act ivities Manual K-6 provided 
twenty-five model lessons from the manual . 

A portable microteaching unit was provided for each team's 
use in critiquing its classroom efforts to improve instruct ional 
techniques. Participants were required to prepare and videotape 
lessons from the Science Activities Manual K-6 . They then were 
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required to critique their own videotaped lessons, using criteria 
based on the evaluation standards of the Tenne^jsee Career Ladder 
Program. The tapes were then submitted for jury review by a team 
of highly qualified teacher evaluators. This enabled teachers to 
compare their self -evaluations with those made by the jury. The 
te^ms also found the microteaching units helpful for preparing 
professional pres<=>ntations^ in-service teaching aids, and 
programs for local civic groups. 

In keeping with the concept of team development, no 
distinction was made between administrators and teachers in the 
training process. To promote team recognition, a public informa- 
tion program was conducted in each team's home area to acquaint 
the public with their plans for improvement of elementary science 
education. Because of the publicity surrounding their work/ the 
nine teams were invited to host a special conference of the 
Science Association of Tennessee (SAT) at UTM and present tt.eir 
ideas to a statewide audience. The enthusiastic response of the 
audience helped the teams realize their capacity for creative 
program development and recognize their potential for educational 
leadership. 

By the beginning of the 1987-88 school year, each team had 
implemented its field project. In most cases, those projects 
involved condur.ting extensive in-service training programs in 
their schools. In anticipation of this^ funds were provided to 
employ substitute teachers for a team's two teachers when they 
were required to be absent from the classroom on team-related 
activities. 

Evalu ation of the Model 

With the conclusion of the first 18-month cycle of the 
project, which included the academic preparation and subsequent 
field activities of the nine 1987 teams, the CEESME had a suffic- 
ient data base to begin a program of statistical analyses for 
research and evaluation. The 1987 ESEI participants underwent 
evaluation in five areas: 1) science content knowledge? 2) atti- 
tudes toward science and science teaching; 3) computer literacy; 
4) knowledge and utilization of the Tennesse e Ins tructional 
Model, with which they are expected to work; and 5) the 
performance of their students. 

The group showed an overall gain of approximately 1"^ % in 
science content mastery, with greatest gains in earth and space 
science (9-8%) and physical science (9.3%). Gains of approxi- 
mately 7.8% in environmental science and 4.0% in life science 
were also observed. This may be due to the fact that the prior 
science prepar;^tion of most participants was concentrated in life 
science, with more limited backgrounds in the physical and earths- 
space sciences. Data were gathered from pre-tests and post-tests 
using an 80-item survey, with a number of questions from each of 
the major science areas proportional to the number of objectives 
from each field in the Tenn essee Science Curriculum Guide K-6 . 
Estimat^^^ of instrument reliability^ which were obtained by 
computi j coeft:icient ALPHA, ranged from 0.77 to 0.82. 
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Pre-tests and post-tests of participants' attitudes towards 
science and science teaching were also surveyed using a 70-item 
attitude survey instrument. Favorable changes were shown in both 
areas, but additional research will be required to determine 
whether the responses of teachers and administrators differed 
significantly . 

Attitudes toward the use of computers in the classroom were 
also examined. A sharp rise in the participants' confidence in 
their ability to use the computer was noted. With some surprise, 
it also was learned that the computer instruction provided by the 
CEESME constituted the first formal training in computers for a 
majority of the ESEI members. Knowledge and utilization of the 
Tennes see Instructional Model ( TIM) were studied through exami- 
nation of lessons that were presented and videotaped in the 
participants' classrooms. The lessons were evaluated by a jury 
of highly trained teacher evaluators, which allowed the teachers 
to see themselves as a state teacher-evaluator would see them. 

Data were also collected from 44 Tennessee classrooms to 
compare the performance of students taught by the ESEI teachers 
with that of students in classes taught by other teachers in the 
same school (HOME) and in schools in non-participating districts 
(CONTROL). Comparisons were made on the basis of pre-tests and 
post-tests, using separate instruments for K-3 and 4-6 students. 
The K-3 study (n=411) irjvolved first and second grades. The 4-6 
study (n=491) involved fourth, fifth and sixth graders. After a 
year of instruction, the first and second grade ESEI classes 
showed greater gains in conuent knowledge than either the HOME or 
CONTROL group. In all comparisons for grades 4-6, except ESEI 
with CONTROL in the fourth grade, the ESEI group performed better 
than the respective HOME or CONTROL group, with significant 
improvements (p < .01) in many cases. 

The development and progress of the teams' field practica 
provided a further basis for assessment of the effectiveness of 
the ESEI model. At the beginning of the Institute, each team was 
required to survey its school system's elementary science educa- 
tion needs and resources and to research options for improvement 
of elementary science teaching during the following school year. 
The teams developed programs for systematic dissemination of the 
content and skills they gained in the ESEI through in-service 
programs for their peers. The teams prepared public information 
programs to generate local support for reform of elementary 
science education beginning at the "grass-roots" level. The 
public relations value of preparing and submitting news items to 
local newspapers was quickly recognized by the group, and several 
teams became proficient in obtaining coverage (one team boasted 
17 news items). The support system provided by the three field 
supervisors was a key factor to the teams' success in the early 
implementation of their practica. 

At the beginning of the Institute, only about 26% of the 
pirticipants indicated that they believed they could teich 
elementary science in the "hands-on" mode called for in the State 
Science Curriculum. At the end of the academic preparation in 
June, 1987, all agreed or strongly agreed that they could do an 
effective job of "hands-on-science" *ieaching. 



By the end of the 1987-88 school year, the 36 team members 
and 3 field supervisors had presented more than 117 major, 
in-service programs including presentations before area and state 
groups. Members of five ceams have made out-of-state presenta- 
tions to groups of teachers, and one team was invited to another 
state to explain its program for reform to that state's Board of 
Education . 

Through their presentations at local, area, and state 
professional meetings, the ESEI teachers, principals, and super- 
visors have assumed a leadership function that has cast them as 
exemplars in their field. An estimated 60% have added at least 
one additional professional affiliation over the past year. The 
combined etft-ct of the media attention and successful attainment 
of her team's goals prompted one team teacher to make this 
enthusiastic statement to the new teams at the opening of the 
1988 Institute: "Just a year ago, I was very discouraged, but I 
feel very, very good about being a science teacher now; and that 
makes my whole life and all the years of school and all the work 
in my classroom seem more than worthwhile. What we do is impor- 
tant, and folks realize that'" 

Conclusion 

Doyle and Hartle (1985) contended that, for an effective 
educational program, classroom teachers must be active parti- 
cipants rather than passive followers in the quest for reform. 
The ESEI model was designed to provide the opportunity for 
central involvement. Each participating school system gained a 
unique team of educators cognizant of both the instructional and 
administrative dimensions of educational program development. 
This clearer understanding of both perspectives enabled the 
teachers and administrators to overcome many hurdles by pulling 
together for better science education, and seven of the nine 1987 
teams evaluated themselves as having accomplished very substan- 
tial reforms within the l'./B7-88 school year. 

Public awareness and support for elementary science education 
may be among the most important benefits produced by the ESEI 
model of local taam leadership development. Several teams, for 
example, reported voluntary involvement of parents in such activ- 
ities as the collection and packaging of materials for science 
lessons . 

Participating school systems therefore found within their own 
ranks the grass-roots leadership and in-service training capabil- 
ities necessary to follow the new direction in elementary science 
education in Tennessee. The teams in the 1988 Institute appear 
to be achieving equally successful results, providing additional 
evidence that rural school systems can bring about reform within 
their own ranks through local leadership development. 
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